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Abstract 
Volcanic activity in Ecuador is the result of subduction of the Nazca Plate and South American Plate. The country has around six 
volcanoes, many of them active or potentially active. Because of this volcanic activity, Ecuador has a vast wealth of geothermal 
sources. The purpose of this research is to build physical information - chemistry to classify these springs according to their 
composition and health influence. The temperature values obtained vary between 18 ° C and 62 ° C, the pH between 4.96 and 
8.3, the values of electrical conductivity between 166.9 μS.cm-1 and 20220 μS.cm-1 and dry residue values between 208 μS.cm-1 
and evaporated water 11208 mg L-1. Waters such as Guapán, Jamanco, El Salado (spring), El Salado (pool), La Virgen, Oyacachi 
Cununyacu, Chachimbiro 1, Chachimbiro 2 baths, Cuenca called for the development of new studies by high values in 
temperature, electrical conductivity and Total Soluble Solids. This research manifest the importance of geothermal water 
resources in Ecuador and their classification according to their composition helps to know the different effects of these waters on 
the health of users. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of WMESS 2015. 
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1.  Introduction 
      Ecuador is located within the “Ring of Fire” main. In the South America there is a high concentration of 
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subduction zones where the movement of plates causes collision between oceanic plates Nazca and South American 
turning to Ecuador in a country with intense volcanic and seismic activity and geothermal resources. According to 
Paladins (2011), geothermal and mineral waters in the country are geologically related to young volcanic apparatus 
and systems faults and fissures. These waters come from the depth where geodynamic   and thermodynamic 
processes occur at very high temperatures and with a high degree of mineralization. Water   reaching an area of 
faults and / or joints rises rapidly to the surface as springs. 
Nowadays, many of the water sources of geothermal origin in Ecuador are popular touristic destinations for 
hundreds of tourists a year, despite the bad use and the limited information about their health influence. The main 
objective of this research is to raise physical information - chemistry spas that use geothermal waters in Ecuador and 
interpret its composition from the standpoint of the health of bathers. 
2.  Materials and methods 
In order to determine the physical - chemical characteristics of geothermal waters and interpret composition from 
the health point of view, samples were taken in 34 points located along the inter-Andean corridor in Ecuador. The 
number of sampling points was selected for the purpose of monitoring high concentrations observed in the book of 
the National Institute of Meteorology and Hydrology, INAMHI (2013).  Moreover, this study deals with spa 
samples that have not been reviewed before. 
 Determination of physical chemical properties of water involved: 
x Temperature: This parameter was measured in the field with the help of a mercury thermometer brand 
Promolab® 
x pH: To measure the pH in 34 samples brand portable pH meter Thermo Scientific Orion 3-Star was used, 
these measurements were performed in the laboratory under the NMX-AA-008-SCFI-2000 standard 
x Electrical conductivity (EC): The electrical conductivity for 34 samples was measured in the laboratory 
under using a Hach HQ14d portable conductivity under the explanation found in APHA (1995) method 
2510B 
x Dry residue evaporated (DRE): For the determination of dry residue evaporated or determination of total 
soluble solids 34 samples under the direction of APHA (1995) 2540B method. 
x Anions and cations: To determination the anions and cations the wáter samples were sending to the 
laboratory HAVOC, this laboratory is accredited to Organization Accreditation of Ecuador.  
3.  Results and discussions 
Spa location in the Inter Andean 
In the middle of Ecuador were taken 34 samples, these were located along the inter-Andean corridor in Ecuador in 
the provinces of Carchi, Imbabura, Pichincha, Napo, Cotopaxi, Tungurahua, Chimborazo, Cañar, Azuay and El Oro 
(Figure 1) . 
 
Physical - chemical composition of the geothermal waters in Ecuador 
 
The results of the physical - chemical analysis performed can be seen in Table 1, it is observed that the temperature 
values obtained vary between 18 ° c and 62 ° c, pH values vary between 4.96 and 8.3, only Cununyacu spa located 
in the province of Tungurahua has a ph of 8.3 that indicates that in these waters there are carbonates. It is also noted 
that the electrical conductivity values range from 166.9 μs cm-1 and 20 220 μs cm-1, the latter value is very high 
relative to other values obtained and corresponds to the water sample Guapán. 
 
 Water quality from the point of view of the user 
 
According Maraver et al. (2003), the geothermal water can be classified according to their temperature: hypothermic 
when its temperature is below 35° C, mesothermal if its temperature varies between 35 and 37° C and Hyperthermal 
when its temperature is above 37° C. As shown in Figure 2 there is only one classified as mesothermal water is La 
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Merced, also it shows that more than 50% of resorts have Hyperthermal water and about 40% are hypothermal 
waters. 
 
Figure 1. Geothermal Water Samples of Ecuador. 
 
 
Classification according to Waste Dry Residue Evaporated 
 
Maraver et al. (2003) classifies the thermal mineral waters by residue dried at 110 ° C: water mineralized to values 
below 100 mg L-1. Very weak mineralization when values ranging between 100 and 250 mg L-1. From weak to 
values of 250-500 mg L-1 Media mineralization, when values are between 500 and 1000 mg L-1, and strong 
mineralization to greater than 1000 mg L-1 values. According to this classification (Figure 3), only the water sample 
of the water Puetate is a very weak mineralization, while the waters of San Miguel de Car and lizards are water with 
weak mineralization and La Calera and Cununyacu are water with average mineralization. Most water, about 75%, 
is water with strong mineralization. 
 
Piper diagram to determine the typology of water and its relationships the users 
With the results of the major ions in the samples of geothermal water, the balance of electro-neutrality between 
cations and anions, calculated errors were less than 2.5% (APHA, 1995) was found therefore were acceptable. For 
sorting according to the chemical composition of geothermal water Piper graphic method was used, the diagram 
370   David Carrera-Villacrés et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  367 – 373 
shows the relative concentrations of major cations and anions in two equilateral triangles, and a central diamond 
field that is used to show global chemical character Water (Piper, 1994). 
 
Table 1. Results compositions chemistry waters 





CATIONS (mmolc L-1) ANIONS (mmolc L-1) 
% error
K+ Na+ Ca+2 Mg+2 SO4-2 Cl- HCO3- CO3-2 
1 Guachalá 39 6.39 2555.00 1424.00 1.11 14.58 1.82 7.96 0.00 9.58 16.07 0.00 0.31 
2 Oyacachi 50 6.60 5505.00 3184.00 0.82 38.86 4.81 7.75 2.12 22.82 27.90 0.00 0.57 
3 Cununyacu 26 7.05 1230.00 660.00 0.31 4.57 1.48 5.95 0.17 4.79 7.54 0.00 0.71 
4 El Tingo 40 7.03 3515.00 3848.00 0.58 19.35 1.24 11.23 0.21 10.70 21.97 0.00 0.73 
5 La Merced 35 6.50 1210.00 1912.00 0.28 4.48 1.94 5.89 0.13 5.63 7.21 0.00 1.48 
6 Lloa 29 5.96 1930.00 1076.00 0.35 7.92 3.80 7.19 0.56 7.04 11.15 0.00 1.35 
7 Guapán 60 7.06 20220.0 11308.0 2.33 194.0 3.81 7.91 0.00 165.0 35.08 0.00 1.95 
8 Agua Caliente 
(Portovelo) 
52 8.09 3425.00 4012.00 0.87 19.98 8.60 3.89 1.63 30.96 1.97 0.00 1.78 
9 Baños de Cuenca 62 7.15 4590.00 4512.00 1.39 27.72 4.25 3.39 1.50 29.58 7.21 0.00 2.05 
10 Los Elenes 21 6.91 2340.00 1576.00 0.18 6.90 4.59 13.90 18.29 1.41 5.25 0.00 1.24 
11 Cununyacu 
(Tungurahua) 
47 8.30 5145.00 3408.00 0.12 30.00 12.67 7.77 2.00 46.00 2.30 0.09 0.16 
12 La Virgen 53 6.47 5865.00 4232.00 1.53 17.82 0.73 39.83 20.10 22.25 15.08 0.00 2.11 
13 El Salado (vertiente) 40 6.26 7155.00 6128.00 1.43 15.71 14.07 40.50 17.85 28.20 23.31 0.00 1.67 
14 El Salado (piscina) 45 6.60 8970.00 7932.00 1.77 20.79 15.31 53.00 67.38 18.37 6.50 0.00 0.75 
15 Guapante 25 7.20 1150.00 1008.00 0.26 3.65 1.48 5.93 1.94 1.15 8.52 0.00 1.28 
16 Nachehe 27 6.80 4030.00 2616.00 0.98 14.70 0.56 25.08 0.33 10.72 29.20 0.00 1.31 
17 Aluchán 43 6.99 1455.00 1008.00 0.17 8.13 1.32 3.83 0.79 6.05 6.90 0.00 1.04 
18 Jamanco 61 6.73 7665.00 4772.00 3.55 53.87 12.84 3.21 6.19 64.01 5.41 0.00 1.43 
19 Santa Catalina 
(Papallacta) 
56 7.14 2120.00 1376.00 0.15 10.23 9.61 0.75 7.81 12.68 1.08 0.00 1.97 
20 Nangulví 50 7.39 4850.00 3016.00 0.20 27.90 11.49 7.51 6.98 41.32 1.18 0.00 2.46 
21 Lagartijas 18 6.06 456.00 284.00 0.12 0.96 0.70 2.80 0.04 0.84 3.70 0.00 0.17 
22 Piscina Incaica 
(Peguche) 
23 6.51 1874.00 1132.00 0.35 5.97 3.09 8.40 0.28 6.48 10.33 0.00 2.07 
23 Vertiente Sagrada 
(Peguche) 
23 6.56 2177.50 1332.00 0.59 7.17 2.30 10.78 0.11 8.17 12.30 0.00 0.67 
24 Chachimbiro 1 52 7.65 6625.00 4128.00 5.39 42.10 4.90 6.96 1.19 52.97 8.20 0.00 2.48 
25 Chachimbiro 2 60 6.42 6795.00 4076.00 4.68 41.91 4.19 6.79 1.17 48.78 9.38 0.00 1.50 
26 La Calera 34 6.33 1267.00 852.00 0.74 3.19 3.71 7.07 0.65 1.81 12.09 0.00 0.58 
27 Gruta de la Paz 40 6.88 2570.00 1748.00 1.91 6.79 1.38 17.78 0.07 4.48 23.22 0.00 0.15 
28 Paluz 21 6.22 1085.00 764.00 0.12 1.43 3.41 5.77 0.07 1.10 9.45 0.00 0.53 
29 Rumichaca 34 7.09 3065.00 2032.00 2.46 11.63 1.49 14.82 0.14 7.30 24.44 0.00 2.34 
30 Los 3 Chorros 25 6.03 819.50 588.00 0.70 2.49 2.01 3.74 0.38 1.19 7.13 0.00 1.41 
31 Tufiño 25 6.58 883.00 640.00 0.62 3.03 2.26 3.68 2.93 2.56 4.43 0.00 1.71 
32 Aguas Hediondas 58 4.96 1833.00 1572.00 1.45 6.50 4.38 5.80 14.64 3.35 0.40 0.00 0.72 
33 San Miguel de Car 23 6.21 418.00 376.00 0.27 1.15 0.90 2.00 0.78 0.90 2.48 0.00 1.91 
34 El Puetate 18 6.68 166.90 208.00 0.03 0.31 0.43 1.00 0.09 0.32 1.37 0.00 0.19 
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Figure 2. Water classification by temperature. 
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The Figure 4 shows the results the result of tracing the 34 samples of geothermal water in the Piper diagram. The 
data is distributed over central diamond but using the classification for water Back & Hanshaw (1965), the samples 
are classified in a variety of water types including: bicarbonate sodium (Na-HCO3) Bicarbonate magnesium or 
calcium (Mg-Ca-HCO3), Sodium Chloride (Na-Cl) Sulphate sodium (Na-SO4), calcium or magnesium Chloride (Cl 
Ca-Mg) and Sulphate calcium or magnesium (Ca-Mg-SO4). 
 
 
Figure 4. Piper diagram of the 34 water samples from geothermal origin. 
The composition analysis of the geothermal water and its relationship to the health of users described in Table 2. 
4. Conclusions 
      According to data from Waste Dry Evaporated most geothermal waters studied, about 75% are of strong 
mineralization. Thanks to the diagram Piper is known that of the 33 samples of geothermal water four are 
Bicarbonate sodium, six are Sulphate calcium chlorides and one magnesium,  nine Chloride and Sodium Sulphate 
and most 15 thereof are Bicarbonates magnesium or calcium thus speaks waters shallow groundwater that is 
manifested in its low temperature.  
While chlorinated water aquifers match ancient, hence the high value of the temperature in these samples is 
explained. With the classification according to their composition the main effects was determined on the health of 
users are an example sulphated waters which serve as natural laxatives and these exist in spa town of Bath where it 
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Table 2. Classification by chemical composition and health effects of geothermal water samples. 
Typology # points Name of Spa Health Effects users (Maraver et al., 2003) 
Bicarbonates 
sodium 4 Guachalá, Oyacachi, El Tingo, Aluchán 
Antacid, increase pancreatic activity, it promotes 
fat saponifier power of the bile; hepatoprotective; 
favor gluconeogenesis and mobilization and 
excretion of uric acid in the urine 
Bicarbonates 
Magnesium o calcium 15 
Cununyacu, La Merced, Lloa, Guapante, 
Nachehe, Lagartijas, Piscina Incaica 
(Peguche), Vertiente Sagrada (Peguche), La 
Calera, Gruta de la Paz, Paluz, Rumichaca, Los 
3 Chorros, San Miguel de Car, El Puetate 
Antacid, increase pancreatic activity, it promotes 
fat saponifier power of the bile; hepatoprotective; 
favour gluconeogenesis and mobilization and 
excretion of uric acid in the urine 
Chlorides and sulfates 
sodium 9 
Guapán, Baños de Cuenca, Agua Caliente 
(Portovelo), Cununyacu (Tungurahua), Santa 
Catalina (Papallacta), Nangulví, Jamanco, 
Chachimbiro 1, Chachimbiro 2 
Stimulants on organic and metabolic functions; 
Builder of cell tropism and process of cicatrizaxion 
and tissue repair. Estimulate blood and lymphatic 
circulation 
Sulfates chlorides 
calcium and magnesium 
 
6 
Los Elenes, La Virgen, El Salado (vertiente), 
El Salado (piscina), Complejo Turístico 
Tufiño, Aguas Hediondas 
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